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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 3479

ANALYSIS OF HORIZONTAL-TAIL LOADS MEASURED IN
FLIGHT ON A MULTIENGINE JET BQGMBER

By William S. Aiken, Jr., and Bernard Wiener
SUMMARY

Horizontal-tail loads were messured in gredusl and sbrupt longl-
tudinal maneuvers on two configurations of a four-engine Jet bomber.
The results obtained have been analyzed to determine the flight values
of the coefficients important in calculations of horizontal-tail loads.
The least-squares procedure used to determine aerodynamic tail loads
from strain-gage measurements of structural tail loads which were
affected by temperature is covered in detail. The effect of fuselage
flexibility on the airplsne motion 1s considered in the analysis of
the sbrupt-maneuver data. When possible, wind-tunnel results are
compared with flight results. Some calculations of critical horizontal-
tail loads beyond the range of the tests are given and compared with
design loads.

INTRODUCTION

Although the factors which make up the horizontel-tail loads have
been known for some time, it is customary to reexamine the adequacy of
the accepted analytical procedures on airplenes which represent depar-
tures in either speed range, size, flexibility, or configuration from
previous ailrcraft on which experience exists. The introduction of the
Jet-engine bomber represented one such departure since a large change
in speed range along with increased flexibility effects were immediately
introduced. It was primarily for these reasons that the NACA initiated
a program of loeds measurement on a North American B-L5A airplane.
Flight tests were conducted on two configurations of the North American
B-45A airplane, configuration A being the original version and config-
uration B being a modified version having reflexed flaps and other
changes.

The primary objectives of the present paper are to report the
horizontal-tail-loads measurements for configuration B which have not
previously been reported and to summarize the horizontal-tail-loads
results obtained with both configurations. The manner in which the
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aerodynamic-loads data were analyzed to include structural temperature
effects and fuselage flexibllity effects constitutes an lmportant part

of the present paper. Other objectives of the present paper are the com-
parison of configuration A flight date with available wind-tunnel results
and the presentation of some calculations of critical tail loads for con-
figuration B in pitching mesneuvers within the design V-n diagram which are
compared with design horizontal-tail loads.

¢ o717

i

SYMBOLS

tail incremental normal scceleration defined by equation (28),
ft/sec2

wing mean aerodynemic chord, in.

airplene normel-force coefficient, nW/qS
wing-fuselage normal-force coefficient

pitching-moment coefficient sbout the quarter chord

zero-1ift wing-fuselage pltching-moment coefficient calcu-
lated from LtO

Cmom corrected for area, elevator angle, and thrust

zero-1ift wing-fuselage pitching-moment coefficilent (Cmo
c

including additionel corrections for errors due to struc-

tural temperature effects on measured tail loads)

distance from wing-fuselage aerodynamic center to airplane
center of gravity, negative rearward, in.

distance from wing-fuselage aerodynamic center to a center-
of-gravity location at 0.277¢, negative rearward, in.

acceleration of gravity, ft/sec2

pressure altitude, ft

airplane pitching moment of inertia, slquft2
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Ohigh

Dlow

airplane radius of gyration in piteh, ft

effective distance of Mg from center of gravity, nega-
tive rearward, in.

distance from center of gravity of airplane to center of
gravity of Wig, negative rearward, in.

distance between nose linear sccelerometer and center-of-
gravity linear accelerometer, in.

distance from airplane center of gravity to tall quarter
chord, rearward negative (for center of gravity at
27.7 percent €, It = =397.5 in.), in.

aerodynamic tail load, 1b

measured aerodynamic tail load, 1lb
aerodynamic tall load st zero load factor, lb

measured structural teil load, 1b

aerodynamic tail loed with center of gravity at reference
condition (27.7 percent 2), 1b

Mach number

effective mass of tail-fuselage combination, slugs

load factor at center of gravity

e maximm center-of-gravity loed factor
a minimum center-of-gravity load factor
load factor at nose
load factor at tail

dynemic pressure, Ib/sq £t

wing area, sq ft
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standard error of estimate
total engine thrust, 1b

average difference in structural temperatures, ground to

flight, °F _ —

left horizontal tall shear, 1b

right horizontal tail shear, 1b

airplene weight, 1b

welght of horizontal-tall assembly, 1b

welight of horizontal tail outboard of strain-gage station,
1b

weight of tail assembly and fuselage behind wing rear spar,
1b

location of wing-fuselage serodynamic center, percent =G

wing-fuselage aerodynamic-center position uncorrected for
area and elevator angle per g, percent ¢

location of airplane center of gravity, percent ¢

distance from wing-fuselage aerodynamic center to horizontal-
tall quarter chord, negative rearward, 1 + 4, in.

effective elevator angle, negative up, deg

elevator angle at zero alrplane load factor, deg

error of fit (with subscripts to identify particular
paremeter considered)

pitching acceleration at center of grevity, radians/sec2
pitching acceleration defined by equation (27), ra.dia.ns/sqc2
pitching acceleration defined by equation (2#), ra.dians/soc2

nondimensional left moment bridge output
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QMR nondimensional right moment bridge output

nondimensional left shear bridge output

pvR . nondimensional right shear bridge output

APPARATUS AND TESTS

ATRPIANE

Two configurations of the North American B-4SA airplane were used
for this investigation. For purposes of identification herein, the
original configuration is designated configurastion A and the service
configuration incorporating reflexed flaps and other changes is designated
configurstion B. A side view of the airplane is shown in figure 1 and
pertinent characteristics are presented in table I. A two-view line
drawing of the eirplane 1s shown 1n figure 2(a), and the wing trailing-
edge contours of the two configurations are compared in figure 2(b). The
bent-down trailing-edge strip also shown in figure 2(b) increased the wing
area slightly, but all coefficients computed for configuration B are with
respect to the original wing area. In addition to the reflexed flap, the
ailerons were uprigged 3.8° and end plates were added to the flap-fuselage
and flsp-nacelle junctures. The tip of the horizontal tail outboard of
the elevator was modified by a 2° downward bend of the trailing edge rear-
ward of the reer spar.

INSTRUMENTAT ION

Instrumentation pertinent to the present paper consisted of standard
NACA recording instruments used to measure alrspeed and altitude, normal
accelerations at the nose (for tests of configuration B), at the center of
gravity, and at the tail, pitching velocities and pitching accelerations
at the center of gravity and the tail, and elevator control positions.

An airspeed boom was mounted at the left wing tip with the airspeed
head approximately 1 local chord shead of the leading edge of the wing.
The results of a flight calibration of the airspeed system for position
error and an analysis of available date for a similar installation indi-
cate that the measured Mach number differed from the true Mach number by
less than t0.0l throughout the test range.
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Fuselage skin temperatures were measured at four locations on the
aft portion of the fuselage (approximate locations shown in figure 2(a))
by use of Stikon gages with outputs recorded on an 18-channel oscillograph.

Electrical wire-resistance strain gages (Type A-6 with low temper-
ature correction factors), installed as four-active-arm bridges on the
mein spars of the left and right sides of the horizontal tail approxi-
mately 8 percent of the tail semispan outboard of the airplane center line,
were used for measuring the left and right taill root shears and bending
moments.

The strain-gege-bridge imnstallation was calibrated according +to
the method detailed in reference 1. The bridges were then combined
electrically so that, except for secondary carryover effects, a com~
bined shear or bending-moment bridge responded primarily to shear or
to bending moment for the side of the tail on which the load was being
measured. The final calibration equations which were used to determine
the left and right side shears in evaluating flight horizontal-tail
loads were

(v;)  |6,885 295 0 680| (oy,)
P,
{ L. D 11 (1)
Vg
VR 0 105 L,790 0
\ - - :%%3

where Vy end Vg are the measured loads and DVI’ pML’ and so forth
are defined as

Plight deflection - Ground zero deflection (2)

e= Calibrate signal deflectlon

The combined strain-gage outputs were recorded on an 18-channel oscil-
lograph with individual galvaenometer responses flat to 60 cps. All data
were evaluated by using the nondimensional deflections p &and by recording
the sensitivity of each combined bridge immediately prior to a maneuver
through the use of a calibrate signal. With this system of data reduction,
fluctustions in battery voltage had no effect on the measurement of loads.
In addition, galvanometer zeros Wwith strain-gage power off were taken for
each run, and thus mechanical shifts in the galvanometer zero position

due to tempersture effects in the recorder and any thermsl electromotive-
Porce effects in the strain-gage circuits were compensated. The resulting
accuracy for total structural tail-loads measurement was 200 pounds.
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TESTS

All tests were made with the airplsne in the clean condition for
both configurations A and B. For configuration A, gradual turn maneuvers
were made at altitudes of approximately 15,000, 22,500, 30,000 and
35,000 feet, and abrupt pitching maneuvers were made at 20,000 feet with
airplane weights between 52,900 and 63,600 pounds and with centers of
gravity between 27.0 and 29.T percent T. TFor configuration B, gradual
turn maneuvers were also made at 15,000, 22,500, 30,000, and 35,000 feet
and abrupt pitching meneuvers at 20,000 feet with airplane weights
between 55,100 and 6h,lOO pounds and with centers of gravity between
27.2 and 28.2 percent C.

Table IT is a summary of the flight tests reported in the present
peper. The configuration, type of meneuver, flight and run number, test
altitude, average Mach number, average dynamic pressure, airplane weight,
and center-of-gravity position are listed. The gradusl turn meneuvers
were made at low rates of elevator motion, and the resulting airplane
pitching accelerations were, for all practical purposes, zero so that data
obtained in these maneuvers can be considered to be trim values at
various velues of normal accelerstion. Mach number and altitude changes
during any maneuver were small.

RESULTS AND DISCUSSION

In the following sections are presented (a) the results and analysis
of the gradual meneuvers for both configurations, (b) the results and
analysis of gbrupt pitching meneuvers for both configurations, (c) a
comparison of wind-tunnel date and flight data for configuration A, and
(d) the calculation of total horizontal-tail loads for critlical condi-

tions for configuration B based on flight date and compared with design
limits.

All flight horizontal-tail-loads data presented herein were obtalned
by using equation (1) to evaluate the shear on the left and right side of
the tail. The measured structural teil load is thus defined by the
equation

Legy = VL * 'R (3)

The aerodynsmic tail load is given by the equation

Lgy = Legy + (2g = D Wy ()
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GRADUATL MANEUVERS

Baslic Data

Since the gradual meneuvers were made at essentially constant Mach
number and altitude and the pitching accelerations were small enough to
be considered zero, an equation for balencing tail loads at each instant
during any gradual maneuver, teking moments about the wing-fuselage
serodynamic center, may be written as

qsSe
Lb=-4c"-§—t—+-§§- (5)

For the case where the serodynamic tail load has a linear relstionship
to n, the load factor at the center of gravity, equation (5) may be
rewritten in the form

by "o tgmer ©

where L%o is the aerodynamic tall load at n=0 and gﬁi is the

slope of the line through plots of tail lcoad against n. From equa~
tions (5) and (6) and the following definition

Xt=l.b+d. (7)

g zero-lift pltching-moment coefflcient and an aerodynemic- center digtance
may be obtained from the measured data es

Cmo, = —aSE 2
W

Configuration A.- For all of the gradual maneuvers listed in
table II(a) for configuration A the tail load was plotted against load
factor n. Sample plots for six representative runs are shown in fig-
ure 3; also shown in figure 3 are plots of effective elevator angle
corresponding to the load factor. The effective elevator angle B¢

shown is the average of messurements of elevator angle et the root and

<
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tip of both elevators. The lines shown in figure 3 represent least-
squares fittings of straight lines to either the LtM or Se data,

while the points are the measured values.

The data shown in figure 3 are for Mach numbers of approximately
0.47 and 0.72 at altitudes of 15,000, 22,500, and 30,000 feet. At
M = 0.47 at 15,000 feet both &, and Lty may be adequately repre-

sented as linear functions of n. For M= 0.47 at 22,500 feet the
curve for tall load against n cannot be adequately represented by a
single straight line but may be represented by two straight lines. The
increase in slope occurring at n = 1.65 indicates a forward shift in
the wing-fuselasge serodynamic center. Other occurrences of breaks or
changes in slope of the tail-load curves may be noted for M = 0.48

at 30,000 feet end M = 0.72 at 30,000 feet.

Inspection of 211 the data for the gradusl maneuvers for configu-
ration A indicated that the forward shift in serodynamic-center position
occurred at a particular airplane normal-force coefficient which varied
with Mach number. A summary of the airplane normel-force coefficilents
defining this shift is shown in figure 4 as a function of Mach number.
Three different symbols are used to define the CNA values; the points

shown as circles represent the CNA corresponding to the intersection
of two straight lines passed through the data for ItM against n as

in figure 3 for M = 0.48 at 30,000 feet. The points shown as tri-
angles indicate either & maximum. CNA reached without obtaining the

breek as in figure 3 for M = 0.47 at 15,000 feet or a minimum CNA
reached for date which was considered to be above the break boundary.

The tail-loads data below the break were classified as the "lower"
CNA range and data above the break as the "upper" Cy, renge; least-

squares straight lines of the form of equation (6) were fitted to éach
run for both upper and lower CNA ranges where necessary. The dis-

tance d between the aerodynamic center and the center of gravity was

computed by using gEE velues in equation (9). The aerodynamic-center

position determined directly from measurements is defined,in percent ' @
as

J

Xacg = ¥eg * %x 100 (10)

A zero-1ift pitching-moment coefficient CQO was computed by ute of
Lty velues in equation (8). The Xge, velues and Cmom values are
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listed in teble ITI(a) for the lower Cy, range and in teble ITI(D),
for the upper CNA range along with the run number, pressure altitude,
and Mach number.

For subsequent analysis and the determination of tail-off pitching-

moment parameters, the following corrections were made to Cmom and
to xacp:

(1) For area included between strain-gage stations, ACmoar
ea
(2) Por elevator-angle-produced tail pitching moment, ACmOS
(3) For thrust-produced pitching moment, AC
thrust
(4) For area included between strain-gege stations, Ax

@Carea
(5) For elevator-sngle-produced tail pitching moment, Axaca

The followlng equations were used to compute corrected values of Cmo
c

and x_
ac

Cmoc B Cmom * ACmoarea * ACmOS * ACmOthrust (11)

or, with numerical values inserted,

0.001038,

= ; =220 _ (o. -1 I
Cagy, cmom+ o.1390m0m+ — (0.51x 10 5

and

Xac = Xacy * Macy ..o t Macg (12)
or - : -

1 &

dn

' d 1 - M
d aLly
W@

In equations (11) and (12) the area correction was based on the
assumption that the load between the strain-gage stetions would be
proportionael to the included tall area. The elevator-angle correction

ac .
terms were based on an assumed value of —= of -—942-— per radian.

ad [I‘:‘EE
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The Glauert factor was used up to M = 0.70 and a constant value of
1.4 was used for Mach numbers above 0.70. Thrust was calculsted from
engine rotational speed and temperature, pressure, and alrspeed
measurements.

The individusl corrections outlined in equations (11) and (12) are
listed in table IIT for &ll runs. The corrected values of the aserodynemic-
center position x,, and zero-1ift pitching-moment coefficient Cmo

: c

are given in columns (7) and (12) of this table.

Configuration B.- Sample plots of 8¢ and LtM against n are

given for configuration B in figure 5 and represent runs with similar
conditions of Mach number and altitude as those 1llustrated in figure 3
for configurstion A. The data shown for M = 0.48 and M = 0.72 sat
30,000 feet indicate definite breasks in LtM against n. The normal-

force coefficients defining the shift in serodynsmic center for configu-
ration B are plotted against Mach number in figure 6. A comparison of
figures 4 and 6 indicates that the aerodynamic-center shift occurs at
approximately the same combinations of CNA and M for both configurations.

As with configuration A, the data for configuration B were split into
two Cy, ranges, upper and lower. Measured values of chm and Xacy

obtained by equations (8) and (10) were determined for all runs and are
listed in table IV(a) for the lower Oy, range and in table IV(b) for
the upper Cp, range. Equations {11) and (12) were again used to correct
the measured Cmom and Xacy values for area between the strain-gage
stations, elevator angle, and thrust. The correctlons and the corrected
velues for Cp, end Xgc are listed in table IV(a) for the lower Cy,

range and in table IV(b) for the upper Cy, range.

Analysis for Configuration A

The data presented in columms (7) end (12) of teble IIT could
normally be used for a direct comparison of flight tail~off and wind-
tunnel tail-off pitching-moment characteristics of the test airplane.
It became evident, however, that considersble scatter existed in values
of Cmoc and x5, for constant Mech numbers at the various test

altitudes. Some of this scatter could be attributed to the limited
range of data availsble in a given gradual maneuver before the breek
or serodynamic-center shift occurred. Attempts to use plots of Cmoc

and xg. ageinst Mach number for the purpose of fairing lines through
the date would require consideration of the reliability of each point.
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Although such reliebility paremeters could be ‘established, it would

gtill be difficult to draw a faired curve through points having vario
values of reliability.

The relisbility of the serodynamic-center position (determined from
the slope of the data) for any one maneuver is also a function of the
accuracy of the tail-load measurement and the range of load factor
covered. The reliability of any one value of CmOc (determined from

the intercept of the straight line through the date) is a function of
measurement accuracy, range of load factor, and the amount of extra-
polation required. A method of least squares was therefore adopted by
vhich the variation of Cpy and x5, with Mach mumber could be eval-

uated and which would weight the data from each run on the basis of

load-factor range and extrapolation required. -
Lower CyNa range.- In this least-squares procedure for the lower

CNA range, each run wes represented by two values of tall load corrected

to an average Xxgg of 27.7 percent &, one corresponding to the lowest
value of load factor for the particular maneuver (It.277 for nlow)’

the other to the highest load factor or break point (It 277 for
nhigh) as ~
- qsc
I, ) Cmoc . N4y Wa n
277 1y + 4 7t + 4 low
> (13)
-C Sc
Lt _ mOcq ¢ . nhigh wd. nh
277 1+ d 1y + 4 is%)

Tail loads were thus obtained for comparable center-of-gravity conditions

with corrections included for area between strain-gage stations, elevator-

angle-induced tail pitching moments, and thrust-induced pitching moments.

The values of CmO used in equations (13) to compute the tail load corre=-
c

sponds to the data shown in table III(a). The values for d wused in
equations (13) were calculated from the xg. values given in table III(a)

and the selected center-of-gravity position of 27.7 percent €.

For the least-squares process a form of the equation for fitting
the data must be established. The aerodynamic-center position appeared
to heve & linear variation with Mach number to M = 0.72. The zero-
1lift pitching-moment coefficient was assumed to vary to this same Mach

number as l/ 1- M?,_the Glauert factor. The following eqﬁation in
which moments sbout the center of gravity are used indicates the form that
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was set up from consideration of the assumed Cmo and x,. varilations
with Mach number:

- d
=0, —2 S8 27Ty -
Lt.277 Cmo m n + = .zt _(nW Lt_277) +
(1)
34277 M oy .
aM zt(n %'277)
For computing purposes, equation (14) was used as
q
L, = A ———+ BfoW - I, + CMfn¥W - Ly (15)
277 Y- ( .277) ( .277)

Seventy-six equations (two from each run) in the form of equation (15)
were written, the low and high load-factor tall loads being used for each
of the 38 rung. A standard least-squares normelizing process was used to
reduce the equations for the determination of the coefficlents A, B, and C.
The use of the end points for each run sutomaticelly weighted the data so
that the runs which covered a greater range of load factor and would be
expected to produce the most relisble data were permitted to have a greater
influence in the determination of the coefficients A, B, and C.

The coefficients A, B, and C of equation (15) and their standard
errors were determined from the least-squares solubtion as
A= .-22.45 + 0.62

0.06366 + 0.00415

B

C = -0.02087 * 0.00839

The stendard error of estimate s 1s 552 pounds. Plotted in figure 7
are the tail loads calculated by the use of equation (15) and the values
given previously for A, B, and C ageinst the tail loads calculated
by equations (13) for the same T6 points. The departures from the 45°
correlation line and the s of 552 pounds indicate rather poor
correlation.

A clue to the reason for the poor correlation was found in ground
deflection tests which indicated that as the temperature measured on
the aft end of the fuselage decreased, the aft end of the fuselage
deflected down at a rate of 1 in./100° F. The atitachment of the hori-
zontal tall to the fuselage causes a longitudinal restraint to the
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bending due to temperature changes, which could introduce stresses in
the horizontal tail influencing the strain gages in a manner similar

to a carryover effect. TIn flight such an effect would produce an
increment in measured teil load proportional to the change AT 1in fuse-
lage structural temperature from ground to flight, since the ground
position of each straln-gage trace was used es & reference in data
evaluation, equation (2). In eny one maneuver the change in AT was
negligible; therefore, AT was introduced in an equation of the form
of equation (15) as a term associated with the tail load as

- 4
g ppp = A _1—_;2- + B(nw - 11-.,277> + CM(nW - Ly po7) + DAT (16)

The values of AT as used are listed in column (13) of table III(a).

From the least-squares solution of equation (16) the coefficients
A, B, C, and D and thelr standard errors were now determined as

A= -2240% 0.25
B = 0.05614 + 0.00170
C = -0.01831 * 0.00336
D = 12.25 + 0.62

The standard error of estimate for the solution with the inclusion of
the AT term is 1221 pounds. A correlation plot for this solution
similar to figure T is shown as figure 8. Comparison of figure 8 with
figure 7 indicates a marked improvement in the correlation. The reduc-
tlon of s from 1552 pounds to 1221 pounds 1is also statistically
significant,.

With the temperature correction factor established from coefficient D
of equation (16) as 12 1b/OF, a tempersture correction to the zero-lift
pitching-moment coefficient AﬂquT was determined for all of the data

for configuration A in the lower CNA range. The temperatures and
corrections are listed in table ITI(a) along with the final computed QmO
which is defined as

Cmg = Cmg, - ACmQAT (17)

A plot of Qmo against M 1is shown in figure 9. The solid faired
line through the data represents the curve defined by the coefficient A
of equation (16) and its associated Mach number factor l/Vl - M2,
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Above a Mach number of 0.72, the curve is dashed to indicate that it
is faired without the use of an equation. An abrupt increase in the
absolute value of Cmo occurs after M = 0.72 18 reached with a

maximum negative value being obtained at M = 0.76, near which Mach
number the maximum down tail load at zero 1lift would be encountered.
I1lustrative of the accuracy in this Mach number range, the data points
shown in figure 9 at M = 0.76 have estimated asccuracies of +0.005 for
30,000 feet and £0.003 for 22,500 feet.

Aerodynamic-center position for the lower CNA range dats is

plotted in figure 10 as & function of Mach number. The use of the
parameters B and CM from the least-squares fitting of equation (16) to
the data glves the solid line shown in figure 10 from M = 0.32 to

M = 0.72. The dashed line sbove M = 0.72 indicates fairing without
the use of an equation. Above M = 0.72 the serodynamic center moves
rapidly forward and reaches approximastely T percent & at M = 0.77.

Upper CNA range.- The method for correlating the upper CNA range

data was similar to that used for the lower CNA range date as previ-

ously described. However, the small range of AT covered by the avail-
able data for the upper CNA range made it impractica; to attempt the

inclusion of AT as & correlating coefficient. The Glauert factor did
not adequately represent the variation of Cmo with Mach number; there-

fore, an acceptable form of the least-squares equation for this range
of date was determined empiricalily to be

It‘277 - DAT = E ﬂé;g + F(nw - 1%_277> + GM(nw - 1¢.277> (18)

For the correction DAT to I%'277’ the value of D wused was deter-

mined from the date for configuration A in the lower Cnp range. Values
of It:277 were calculated from equation (13), the values of x4,
and Cm0 listed in table ITI(b) being used for the 24 runs availsble

e _

with Mach numbers to 0.T72.

The coefficients E, ¥, and G determined from the least-squares
solution of equation (18) were

E = -21.25 * 0.50
F = 0.1937 * 0.0034
G = -0.1951 t 0.0040
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The standsrd error of estimate for this solution was 1234 pounds which
compares favorably with the s of +22] pounds from the solution for the
lower CNA range. : -

The coefficients E, F, and G have no particular serodynamic signif-
lcance since values of Cmo obtained from the coefficlent E are merely

extrapolations from a high 1ift range and not strictly speaking zero-
1lift wing-fuselage pitching-moment coefficients. They are useful for
the calculation of horizontal-tail loads at conditions other than those
tested.

A plot of Cmo against M for the upper CNA range is shown in

figure 11. Values of Cpy are listed in colum (15) of table III(b)

as computed from equation (17). The solid faired line through the data
represents the curve defined by the coefficlent E of equation (18) and

its empirically chosen Mach number varilation ﬂé%g. The dashed-line
curve sbove M = 0.72 indicates fairing without the use of an equation.
In figure 11 the two data points shown as solid symbols at Mach numbers
of 0.43 and 0.78 have estimated asccuracies of +0.0839 and +0.0526,
regpectively.

Aerodynamic-center position for the upper CNA range data, tabu-

lated in column (7) of table III(b), is plotted in figure 12 as a
function of Mach number. The solid line represents the curve defined
by the persmeters F and GM of equation (18). The dashed line above
M= 0.72 agein indicates fairing without the use of an equation.

Analyeis for Configuration B

Lower CNA range.~- The form of the equation used to eliminate the

temperature effect from the tail load measuréments for configuration B
was the same as that used for configurstion A. The value of Cmo was
c

assumed to vary with Mach number to M = 0.70 according to the Glauert
factor, and the serodynamic-center position was assumed to vary linearly
to this same Mach number. Tail loeds were computed by equations (13) for
an average center-of-gravity value of 27.T percent ¢ from the Cmo

e
and x,, data given in teble IV(a) for the highest and lowest load face
tor n for each run and used in the expression

At —=2— + B' (W - Ly p77) + CUM(EW ~ Lt por) + D'AT (19)

Lg.o77 = /1o

to set up T4 equations for least-squares solution.
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Equation (19) was also solved without the inclusion of the temper-

ature term and the results of the two solutions may be compared in the
following table, which also includes slmllar solutions for configuration A.

Coefficient
Configuration|Case A or A B or B ¢ or O D or D! :7_1’,
. I |-22.45 % 0.62{0.06366 t 0.00415|-0.02087 + 0.00853 ~=meecmaauu- 1552
IT |-22.40 + 0.25|0.0561k £ 0.00170(-0.01831 + 0.00336(12.25 + 0.62{+221
III | -8.81 % 0.53|0.06047 t 0.00338]|-0.03022 £ 0.00695|~m=memecmmaua +506
? IV | -9.44 + 0.22/0.04588 t 0.00158{-0.01178 + 0.00302|12.31 * 0.65|%210

The most interesting feature of this teble is the close agreement shown
between the temperature coefficients of cases IT and IV which are for two
different sirplene configurations. The coefficients A and A' for
cases II and IV are markedly different because of the effect of change in
configuration on the wing-fuselage zero-lift pitching-moment coefficient.
The differences between the aerodynemic-center parameters B and B' and
C and C' are less pronounced.

With the temperature correction factor esteblished from coeffi-
cient D' of equation (19) as 12 1b/OF a value of ACmQAT was determined

for all of the data for configuration B in the lower Cy, range. The

temperatures and corrections are listed in table Iv(a) along with the
final computed CmO’ which is plotted in figure 13 as a function of Mach

number. The solld faired curve through the deta is derived from the

coefficient A' of equation (19) and the assoclated factor JJGH.— M2,
Above & Mach number of 0.70 the curve is dashed to indicate & falring
without the use of an equation.

The aerodynasmic-center position determined from the parameters B'
and C'M of equation (19) is shown as the solid curve in figure 14, which
also contains the xgc data of table IV(a). - Again, the dashed-line
curve above M = 0.70 indicates fairing without the use of an equation.
After reaching & maximum value of 20 percent ¢ at M = 0.T4, the aero-
dynamic center for configuration B moves forward to 12 percent ¢ at

M=0.T7TH.
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Upper CNA range.- The empirical equation used to fit the tail

loads calculated for a center of gravity at 27 T percent ¢ for Mach
numbers up to 0.65 Was

Ly pgp = D'AT - §y é% + F'{oW - Lt'277) + G'M{aVW - I%.277> (20)

For the correction D'AT to I% 277, the value of D! determined for
the data for configuration B in %he lower CNA range was used. Values
of Iy 277 were calculated from equations (13) by use of the values of

Xgo &nd Cmo listed in table IV(b) for the 12 runs avallable with
c
Mech numbers up to 0.65.

The coefficients E!', F', and G' determined from the least-squeares
solution of equation (20) were
E' = -9.15 % 0.39

0.1570 + 0.0047

Fl

G' = -0.1586 + 0.0058

The deata were fitted with a standard error of 129 pounds. The values
of Cmy &and Xgc &re listed in table IV(b) and are plotted in fig-

ures 15 end 16. The derived variations of Cm; and Xgc With Mach

number are also shown in figures 15 and 16 as the solid-line curves.
Above M = 0.65 +the curves are dashed to indicate an estimate of their
shepes in this Mach number range.

ABRUPT PITCHING MANEUVERS

The abrupt pltching maneuvers made during the flight tests are
listed in teble II. Thirteen abrupt meneuvers were mede during tests of
configuration A and eighteen maneuvers during tests of configuration B.

The maneuvers were maede at a pressure altitude of approximstely 20,000 feet;

and generally those at the lower speeds were made as push-downs to -1.0g
followed by pull-ups to 3.0g, whereas those at the higher speeds were made
as pull-ups followed by push-downs. Maximum pitching accelerations reached

were of the order of tl.3 radians/sec2.

The presence of pitching acceleration requires an additional term
in the equation for tail load. For a rigid airplane, equation (5) can
be modified as
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_ “moaSC  nwa 2
wo g g (21)

For analysis of the tail loads measured in a given maneuver, equation (21)
can be written as

cnp e e, g
ItM Lto + ™ n + dgcg Ocg (22)

Configuration A

Use of equation (22) in = least-squares analysis of the tail loads
for the abrupt maneuvers listed in table II(a) indicated that this equa-
tion did not adequately represent the tail loads resulting from the air-
plane motion. For example, shown in figures 17 and 18 are time histories
of measured quantities in typical ebrupt maneuvers of configuration A for
Mach numbers of 0.39 and 0.71l. The Mach number and altitude are constant
for each run. The elevator angle shown is, in these cases, the deflection
at the root of the right elevator. Shown as circles in the time histories
of n, écg’ and LtM are the data which were used in the least-squares

analysis of these maneuvers. The error of fit for equation (22) eg
c
is defined as g

€y = Ly - (Teil load calculated with coefficients of eq. (22)) (23)
cg

The standard errors of estimate s of 682 pounds and +785 pounds
are large compared to the measuring errors, and the maximum errors occur
when the elevator has been displaced abruptly but before the ailrplane
pitching acceleration as measured at the center of gravity has- changed
appreciably. This assoclation of large errors with small values of
pitching acceleration suggests the presence of an additional degree of
freedom which is not accounted for by equations (21) or (22).

In an attempt to include some measure of fuselage Tlexibility -
effects in the tail-load equation, a measure of pitching acceleration O
shown in figures 17 and 18 was used. This measure is the angular
acceleration obtained from the difference between the linear accelera-
tion at the tail and that at the center of gravity and is defined by
the equation

.G.t = --Zg—t(n - ng) (24)
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The time-history data of §£ shown in figures 17 and 18 were used
in a least-squares relationship of the type

Ly = Lgg + iy n + 3£E'§ “ (25)

The errors of fit for equation (25) defined by the equation

= L, - (Teil losd calculated with coefficients of eq. (25))
(26)

el.
9

are shown in figures 17 and 18 for the two sample maneuvers. The standard
errors of estimate reduced from over +600 pounds to less than t300 pounds
for all sbrupt maneuvers for configuration A. It is believed, therefore,
that the zero-lift pitching-moment coefficient aerodynemic-center posi-
tion, and airplane pitching moment of inertia were determinable from

the coefficients of equation (25) despite the presence of the additional
degree of freedom. It was concluded that from the avallable instrumente-
tion (NACA pitching accelerometer mounted near the center of gravity and
linear accelerometers mounted near the center of gravity and in the tail)

the parameters of this additional degree of freedom could not be established.

The corrected values of Cpy, X, &nd Iy derived by fitting the

abrupt-maneuver data for configuration A obtained by least-squares solu-
tions of equations of the form of equation (25) are listed in table V with
ldentifying Mach numbers and run numbers. Also listed in table V are values
of the radius of gyration ky computed from Iy and the airplane weight
for each run. Airplane weilght, center of gravity, and mass distribution

varied only slightly during all the maneuvers listed in table V and the
ky values indicate scatter from an average value by only 10.5 foot.

The zero-lift pltching-moment coefficients listed in teble V are
corrected for temperature effects and plotted as a function of Mach
number in figure 19 with the final Cmo curves from figure 9 for the

gradual maneuvers. The agreement is considered to be good.

The corrected xge values listed in table V are plotted as a
function of Mach number in figure 20. The final aerodynamlc-center-
position- curves, determined for configuration A in gradual maneuvers (from
fig. 10) ‘are also shown. Again the agreement is considered to be good.
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Configuration B

For the abrupt-pitching-maneuver tests with configurstion B, the
instrumentation was modified to include a linear accelercmeter in the
nose of the alrplane. This addition and the assumption that the forward
portion of the fuselage acted essentially s a rigid beam permitted the
determination of pitching accelerations &t the airplane center of gravity
with less lag then when an angular accelerometer was used.

In figure 21 time histories of n, incremental tail accelersa-
tion Aat, pitching accelerations, elevator angle Se and LtM are shown

for en ebrupt push-pull maneuver at M = 0.4h at 20,000 feet pregsure
altitude. The three pitching-acceleration quantities shown are ecg’ 0

and §r. As before, the pitching acceleration gc is from a direct
measurement of the angular acceleration near the center of gravity and

8; 1s defined by equation (24). The equation which defines 8, the
pitching acceleration of the assumed rigid portion of the airplane, is

o

.o g .
2] = e L= 2)
r =L ) (271
For analysis of the tall loads in &brupt maneuvers an incrementsl tail
acceleration Asy 1s defined as the normal acceleration at the tail

due to the difference between the angulsr acceleration of the tail and
the angular acceleration of the (assumed) rigid forward portion of the
airplane as

“Nay = 8[(% - n) - %(nn - n):l = 14(8t - 6r) (28)

In figure 21 it will be noted that the calculated E} values have
a different time history during abrupt elevator displacements than either
the 6.g measurements or the calculated 6, values. Although only the
points used in least-squares calculations are shown, the time history
of incremental tail ‘acceleration Aai when evaluated in more detail

than shown indicated an oscillation of the tail gt the fuselage first
bending frequency (8.0 cps).

Time histgries are given in figure 22 of elevator angle, pitching
acceleration ér’ incremental tall acceleration ba; , center-of-gravity

load factor n, and ItM for a push-pull maneuver et M = 0.70 at

20,000 feet pressure sltitude. The time history of incremental tail
acceleration agein shows peak values occurring during ebrupt elevator
displacements. In some runs the incremental tail acceleration exceeded
32.2 ft/sece. A rapid bending of the aft portign of the fuselsge due
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to sbruptly applied elevator loads produces a damped free oscillation.
The motion of the ailrplsne 1s apparently coupled with this motion in
such a manner than an additional term is required in the pitching-moment
equation to eveluate the tail-load parameters as

= ~Cug - ase | EHE Iy xt + Molg é%i (29)

The product Mele in equation (29) can be considered as the effective
mass moment of the flexible fuselage acting as a single-degree-of-freedom
cantilever beem. If the distance 1, 1is assumed to be the location of
the tall accelerometer, the My term becomes the effective mass oscllla-
ting at this distance from the airplane center of gravity.

A comparison was made between various methods of analyzing the.
tail-loads data of the maneuver shown in figure 21. The methods involve
least-squares solutione using each of the following equations based on
available measures of the pitching accelerations and, in the case of
equation (31), the inclusion of an additional degree of freedom:

Method I (equation (22))

aLy .
+ —tn + = e
Lty Tog cg
Method IT (equation (25))
d 3
LTO It n+ ———
Method IIT
Lbl’{-‘:Lto-'-En—n-'-ﬁr r (30)
Method IV
o] .e d '
Lgy = Ltg +—Ltn+ Lter+ ot Aoy (31)
ds,, dhay

The results of this analysis are shown graphically in figure 21 where
time histories of the measured tail load and the errors of fit associated
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with each method are presented. The following table lists the coeffi-
cients determined for each method and the standard errors of estimate:

Coefficient
BB
ce t dey | dhay
I -1,020| 3,080 | 4,990 | =eseom | mmeeen — | ¥610
IT =590 | 2,040 | —=-==- 6,480 | ~mmme- -—- | 230
ITI | -1,040{ 2,350 | ~=emu= | ommeem =5,350| -=- | 501
v -690| 2,080 | ~m==me | —mmmm- -6,320| 155 | +156

The poorest fit to the data is obtained by method I where an angular
accelerometer at the center of gravity suspected of introduc}ng errors
due to its frequency response characteristics was used for ecg. A

comparison of the results for method I with-thg results for method IIT
indicates a substantial improvement by using 8. When method II is
used, the standard error of estimate s drops to ¥230 pounds indicating

an improvement over both cases I and IIT. Use of method IV produced a
significant change in the fit to the data but the primary coeffi-

cients Imo, gé;) and Ei& are essentially the same as those for
dae
method II. The results for the abrupt maneuver at M = 0.70 are shown

in figure 22 with errors in fit for methods IIT and IV.

The results of analyses of all abrupt maneuvers for configuration B
indicated that method IV was significaently better in each case.

The zero-lift pitching-moment coefficient derived from the Ito
term of equation (31) was corrected for aresa, thrust, elevator angle,
and temperature. The aerodynamic-center position Xg5o» Pltching moment
of inertia Iy, and effective mass M, were computed from pertinent
coefficients in equation (31) and corrected for area and elevator angle.

The results of these corrections for all runs are listed in teble VI
along with identifying run number and Mech number.

Zero-1ift pitching-moment coefficients are plotted in figure 23 for
the lower CNA range. The points shown as circles are values where cor-

rections were made to the data for area, thrust, and elevator angle but not
for temperature. When the temperature corrections are applied by using the
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aLy

coefficlent AT = 12.3 1b/°F, the points shown as squares aré obtained and

are seen to be in excellent agreement with the faired gradual-turn data
from figure 13.

The aerodynamic-center position is plotted in figure 24 and compared
with the faired curves shown for the gradual-maneuver data in figure 1k.
The agreement is considered to be reasonably good.

The radius of gyration ky listed in teble VI was determined from
the derived I& velues and the airplane weight and agrees with estimates

based on menufacturer's data. There is an spparent trend towerd in-
creasing ky, as the runs are made from 18-1 to 18-18. The fuel is

carried near the airplane center of gravity and consumption of fuel

would tend to increase the radius of gyration.

The final tail-load parameter to be considered here ls the effec-
tive mass My of the aft-fuselage-tall combination. The values tabu-
lated in taeble VI range from a minimum velue of 172 slugs for run 18-15"
to a maximum value of 218 slugs for run 18-12, with an average value of
193 slugs. An effective mass parameter can be computed for the alrplane
using the equation

= 2

where Wir 1is the weight of the tall assembly &nd the fuselage rearward
of the wing rear spar and 1, 1s the distence between the airplane

center of gravity and the center of gravity of the weight Wir. Numer-
ically, equation (32) becomes

_ 6130 1b X 339 in. _ _ 165 glugs
395 in. X 32.2 ft/sec2

a value not too far removed from the average value of 19% slugs deter-
mined from the flight-test data.

COMPARISON WITH WIND-TUNNEL DATA

Wind-tunnel datas relating to the longitudinal stability and control
characteristics of an XB-45 airpleane is contained in reference 2. The
XB-45 is similar to configuration A of the present paper. The difference
between the two alrplanes 1s in the horizontal tail, which has little —
bearing on the comparison of tail-off pitching-moment data. -
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Wind-tunnel date were availsble at Mach numbers of 0.400, 0.600,
0.650, 0.675, 0.700, 0.725, 0.750, 0.775, 0.800, 0.825, and 0.850 for
a configuration designated WBKN + D 1n reference 2. The configuration
nomenclature refers to tests with wing, body, canopy, nacelles with
dummy engines, and a dorsal fin installed. Tunnel test data were given
in the form of pitching-moment coefficient about the center of gravity
at 0.25¢ plotted ag a function of lift coefficient.

Comparisons between flight and wind-tummel results are shown in
figure 25 as plots of tail-off pitchlng-moment coefficient about the
quarter chord CmE/h against wing-fuselage normal-force coefficient CNWf

for Mach numbers of 0.400, 0.600, 0.650, 0.700, 0.750, and 0.775. A Mach
number of 0.775 represents the approximate upper limit of flight data for
configuration A. The wind-tunnel data are shown as the points. The
flight data are shown as solid lines and were obtained from the faired
curves of Cpy and xgc shown in figures 9 to 12 by the use of the

following equation:

oag, = oo - & e &

At the two lowest Mach numbers good egreement is indicated between
flight and wind-tunnel pitching-moment results in the lower 1ift range,
but definite differences occur in the location of the aerodynamic centers.
For example, the difference in the slopes of the flight and wind-tunnel
deta at M = 0.600 for the lower lift range amounts to an underestima-
tion of the flight tail load of 600 pounds per g. More important, how-
ever, is the fact that the nonlinear variation of Cmﬁ L with Cy

shown for the flight deta is also evident in the wind-tummel data. It
would seem that the calculation of design tail loads by analytical
methods, which consider in detall the airplane motion using prescribed
elevator-deflection time historiés, 1s not warranted unless the analyt-
ical method can teke into account such nonlinear pitching-moment char-
acteristics as are exhibited in this case.

Reasonable agreement between flight and wind-tunnel data is also
indicated for Mach numbers of 0.650 and 0.700, but the zero-lift pitching-
moment coefficients for the wind-tunnel date are less negative than the
flight values.

At the two highest Mach numbers rather serious departures may be
noted between the flight and wind-tunnel data. For low lift coefficients
at a Mech number of 0.750 the wind-tunnel data would give tail-load
values which underestimate the flight values by approximately 8,500 pounds
at 15,000 feet pressure altlitude. At a Mach number of 0.775 the sudden
increase in stability shown by the flight data above Cwa = 0.2 1is not

evident in the wind-tunnel data. Iarger negative tall loads are indicated
at high normel-force coefficients than at zero 1lift.



26 ' NACA TN 3479

On the whole it can be stated that ressonable agreement is shown
between wind-tunnel data and flight data for configuration A up to a
Mach number of 0.700.

CALCULATION OF TAIL LOADS FOR CRITICAL FLIGHT CONDITIONS

In the following section some calculations of total horizontal-tail
loads are given for configuration B based on_ flight data presented earlier.
The type maneuver considered to produce the highest tail loads was one
where a gradual or windup turn is made to the stall or limit load factor,
from which point an abrupt recovery is made. Design center-of-gravity
limits of 21 percent € and 32 percent ¢ were used in the calculations,
but, since the loads at 32 percent <C were always greater, only this
information is presented.

Gradual-Maneuver Tail Ioads

The computed structural tail loads for balanced conditions Itl

are shown in the upper portion of figure 26. The Itl loads defined

by the following equation have not been corrected for tail pitching-
moment increments due to elevator deflection or airplane pitching
moments due to engine thrust.

S¢ Wd N o

The computed loads shown in figure 26 apply to the design gross weight
of 82,600 pounds with a center-of -gravity location of 32 percent & for
elther the positive design load factor of 3.0g or the load factor asso-
ciated with the stall. '

Stall load factors were compuﬁed by use of the buffet or stall boundary
which is shown in the lower half of figure 26 in terms of Cyy, and M.

The airplane normal-force coefficient at which the bresk from lower to
upper CNA range occurs 1s indicated by the curve lsbeled bresk boundary.

This break boundary was obtained by solving the following simultaneous
equations for CN-Wf with the aessumption that CNA'” Cwa

d
= - “lower
Cmcg - Cmolower G CNWf

(35)

C C - Lupper ¢
Teg  MOupper g wE
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The values of CmO and aerodynamic-center position used in equations (35)
were obtained from the faired curves of figures 13 to 16.

The tall loads shown in figure 26 were computed for standard
pressure altitudes of sea level, 15,000 feet, and 30,000 feet. On the
sea-level curve, point()is limited by stell as shown on the buffet-
boundary curve end 1s below the break boundary. Date between points()
and (B)are below the break boundary. From point(® to point (C the buffet
boundary lies gbove the break boundary and tail loads were calculated
by using the upper CNA range data. Point(@)is the lowest Mach number

at which 3.0g is reached at sea level on the stall or buffet boundary,
and this 3.0g limit line is used for the calculations through points (D)
and ) and up to the maximum Mech mumber of the calculations. Between
points @and@the airplane is operating again below the break boundary.
On the sea-level curve the maximum up tail load occurs &t M = 0.42

and is epproximately 9,000 pounds. The meximum down tall load at sea
level for & 3.0g maneuver 1g not critical.

Similar calculations shown for 15,000 feet indicate a maximum up
tail load of 9,000 pounds at M = 0.57, whereas at 30,000 feet =
13,000-pound tail losd is calculated at the maximum Mach number.

Information concerning the buffet boundery and bresk boundary at
negative airplane normel-force coefficients was not obtained during
the flight tests; therefore, the assumption was made for the data plotted
in figure 27 that these boundaries are merely the negative images of the
positive 1ift boundaries. The structural teil loeds shown in the upper
portion of figure 27 are sgein computed by equation (34) as limited by
the assumed stell and bresk boundaries. The critical tail load is seen
to occur at sea level at & Mach number of about 0.77. Since there was
a 1limit design Mach number for the airplane which varied with altitude,
a shaded reglon is shown which represents tail loads unattainable without
exceeding the design limits. Pointg along the upper boundary of the
shaded region represent the tall load at design Mach numbers varying
from 0.715 at sea level to 0.775 at approximately 4,000 feet.

Buffeting Tell Ioads

Figure 26 indicates that buffeting could be encountered without
exceeding 3.0g under the following conditions: at sea level at Maeh
numbers to M = 0.42, at 15,000 feet at Mach numbers to 0.57, and at
all Mach numbers at 30,000 feet. Buffeting loads data cbtained during
the flight tests at high-altitudes were extrapolated to 15,000 feet and
sea-level conditions on the basis that the maximum buffeting load at =a
given Mach number would vary with the square root of the dynamic
pressure as indicated by the buffeting analyses reported in reference 3.
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The assumption was made that the buffeting loads measured at 30,000 feet
represented maximum loads from the standpoint of length of time in
buffeting and penetration beyond the buffet boundary. In the upper

part of figure 28 these calculated buffeting loads are shown as a
function of altitude and Mach number. The shaded area represents loads
unattainable without exceeding the %.0g limit.

In the lower half of figure 28 the load

Lte - Ltl + AItB - . (36_)
is shown for sea level, 15,000 feet, and 30,000 feet and for the 3.0g

limit line. With the inclusion of buffeting loads 1t will.be noted

that the meximum up tail load now occurs in what would be the upper

left-hand corner of a sea-level V-n diagram. The maximum structural

tail loed at this point is now 17,000 pounds. _ -

No buffet load calculations are shown for negative load factors,
since they do not produce critical loadings.

Maximum Structural Tall Iocads

The meximum values of tail loads from figures 27 and 28 for both
positive and negative load factors in gradual maneuvers are shown in
figure 29 as the Lo, curves. The small corrections in tail load

necessary to balance the airplane with elevator deflected and with
power on were estimated and added to the Ite curves to give the

final structural tail load It for balanced flight at either stall

or limit load factor. The maximum up tail load is now 18,000 pounds
and the maximum down tall load is -27,000 pounds

If & recovery from either the maximum up-teil-loed condition or
the maximum down tail-load condition is effected by an sbrupt control
displacement, the loads will be increased in each case by an amount
equal to

. . _ | -
!!I Lx] = _—y oy t by
[T
where the term T © Wf is the incremental inertia load due to pitching

acceleration. With a radius of gyration of 12.5 feet, an airplane welght
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of 82,600 pounds, and with the center of gravity at 32 percent ¢, egua-
tion (37) becomes

Algy = 11,4008, - 1,1008

10,3008

Pitching-acceleration values as high as tl.3 radians/sec2 have been
measured with the test airplane in maneuvers maede for the specific
purpose of reaching maximum pitching accelerations. Thus, the pitching-
acceleration tall load could equal +13,400 pounds. Statistical data

for other military aircraft indicate that values of pitching accelera-
tion reached in militery flying are usually well below airplane cepa-
bilities. The maximum increment in tail load due to the whipping of

the aft portion of the fuselage (the EEEE%EE term of equation (29))
X

was observed to be slightly out of phase with the maximum pitching-
acceleration values in sbrupt maneuvers. Although this term could
contribute 4,000 pounds to the tail load, it seems more reasonable to
consider only 2,000 pounds as the addition to the critical tall losd
in the present simplified analysis.

Thus, the maximum up tall load would become the summation of
18,000 pounds (balancing structural load), 13,000 pounds (pitching-
acceleration structural load), and 2,000 pounds (vhipping structural
load), or 33,000 pounds. According to informastion received from the
airplsne manufacturetr, the limit up load for the stabilizer was
18,500 pounds and the stabilizer was tested to 150 percent of limit
load, or 27,800 pounds without failure. Although the calculated
3%,000-pound value gpplies to sea-level conditions, it can be seen from
figure 28 that the balancing and buffeting loads are approximately at
the sea-level value for 811 altitudes below 15,000 feet. The design
limit up tail load can be exceeded at altitudes below 15,000 feet with
only moderately abrupt recoveries from turns to high normal load factors.

The maximum structural down tail loed from the present calculations
is -42,000 pounds (-27,000 - 13,000 - 2,000). The manufacturer's limit
down-tail load has been stated to be -24,100 pounds, and the taill has
successfully withstood 157 percent limit loed, or -~37,800 pounds, without
feilure. Again the sea-level calculastions used here are slightly extreme,
but abrupt recoveries from negative design load-factor conditions at
altitudes below 15,000 feet would produce structural tail loads in excess
of the design limit velues for Mach numbers above about 0.TO.
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CONCIUDING REMARKS

Horizontal-tall-~loads data for two configurations of a multiengine
Jjet bomber tested by the NACA have been summarized.  For both configura-
tions, anaslyses of the data indicated that temperature-introduced errors
in strain-gage loads measurements may be compensated for in the data-
analysis procedure, providing a suffilcient variation in structural temper-
ature 1s avallable to permit the inclusion of a temperature correction
term in least-squares equations relating loads measurements to basic
aerodynamic parsmeters.

An importent effect of flexibility encountered during the tests on
the airplane in longitudinal maneuvers was a whipping of the aft portion
of the fuselage assoclated with abruptly applied tail loads. This flexi-
bility effect necessitated the inclusion of an effective-mass (of the
rearward part of the fuselsge) term in the analysis of all abrupt pitching
maneuvers to represent the alrplane motion adequately.

The comparisons of aerodynemic paremeters derived from gradual and
abrupt maneuvers showed good agreement for both configurations.

Wind-tunnel tests appear to predict adequetely the tall-off pitching-
moment characteristics of the test alrplane; at least up to Mach numbers
of 0.700. The departures shown between wind-tunnel and flight data above
M = 0.700 are serious.

It would appear from examination of wind-tumnel and flight pitching-
moment datas that involved computations for evalusting design tall loads
are not warranted unless the nonlinearities in the aerodynamic data are
considered.

For the test airplane excellent agreement was found between temper-
ature correction coefficients for tall loads for both airplene configu-
rations tested. The determinations of the airplane pitching-moment-of-
inertis from flight data were consistent and in good agreement with
estimates based on manufacturer's data. The effective mass of the tail-
fuselage combination was in agreement with calculations based on static-
weight-distribution considerations.

Horizontal-tail loads for the configuration of the test aifplane
(referred to as configuration B in the text) were shown to exceed design
1imit loads for low-speed low-sltitude sbrupt recoveries from stall
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buffeting and for high-speed low-altutude abrupt recoveries from negetive
design load-factor maneuvers.

Langley Aeronautical Isboratory,
National Advisory Committee for Aeronsutics,
langley Field, Va., November 1, 1954.
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TABLE I.- AIRPIANE CHARACTERISTICS

Wing:
Bpan, Tt & v ¢ v ¢ i i i e s e e 4 e s e e s e e e e .. . . Bo.O4
Area, sq £t . . . . I P N ()

Mean serodynamic chord ft C e e e e e e e e e e e e .. 14 02
AMrfoll, TOOt =« & v v v v v e e e e e e e e e e . NACA 66,2-215"
Adrfoll, Tip o &« ¢ ¢« ¢ ¢ ¢ 6 @ e v e e e T e e . . NACA 66 s1=212
Taper ratio O R S L P

Horizontal tall surfaces: B
Area (including fuselage), 8 Ft « « 4 4 v e e e e v . . . 289.4k
Span, ft . . . . e e e e e e e e e e e e e . Lz .87

Elevator:
Area (including tabs), sg ft . . . . . v v ¢ v v v v v v . . BT.T
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TABIE II.- SUMMARY OF FLIGHT TEST CONDITIONS
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[@év and qgy &re average values for low 1ift~-coefficient rang%}

(a) Configuration A

Approximate Center-of -
Type Flight test M, Qav> W, gravity Figufe
meneuver | and run | altitude, V | 1b/£t2 1b position, |Showing
ft percent & | dete
Gradual k2 30,000 0.38. 63 61,600 28.3 -
Gradual| L-3 30,000 43 81 60,900 28.3 -
Gradual| L-k 30,000 A48 101 59,900 28,2 3
Gradusl| L4-5 30,000 .53 | 122 59,100 28.1 -
Gradual -6 30,000 .59 | 148 58,100 28.0 -
Gradual | k4-7 30,000 64 | 178 57,400 27.9 -
Gradual 4.8 30,000 .70 | 210 56,600 27.8 -
Gradual| 4-9 30,000 T2 | 233 56,300 27.8 3
Gradusl| L4-10 30,000 4 | 252 55,800 27.7 -
Gradual h-11 30,000 TT1 279 55,200 27.6 -
Gradual h.12 30,000 .78 | 286 54,400 27.6 -
Gradual 6-3 22,500 A2 | 106 62,700 28.2 -
Gradusl 6-L 22,500 A7 | 137 62,400 28.1 3
Gredual 6-5 22,500 52 | 161 61,600 28.1 -
Gradual 6-6 22,500 .58 | 203 60,500 27.9 -
Gradual 6-7 22,500 .63 | 2kl 59, 700 27.8 -
Gradual 6-10 22,500 .76 | 360 58,000 27.6 -
Gradual 6-11 15,000 37 117 56,400 27.5 -
Gradual| 6-12,13 15,000 .32 83 56,000 27.4 -
Gradua.l 6-14 15,000 A2 | 148 55,600 27.4 -
Gradual 6-15 15,000 47 183 55,300 27. 3
Gradual 7-1 22,500 .36 83 63,600 28.2 -
Gradual 7-2 22,500 A5 | 124 62,900 28.1 -
Gradusl T-3 22,500 .56 | 199 62,100 28.1 -
Gradual T-4 22,500 .62 | 238 61,300 28.0 -
Gradual 7-5 22,500 67 273 60,200 27.8 -
Gradusal T-6 22,500 T0 | 305 59,600 27.8 -
Gradual -7 22,500 .72 | 328 58,300 27.6 3
Gradual 7-8 22,500 7 | 348 57,800 27. -
Gradusl 7-15 15,000 .51 ] 213 56, 000 27.4 -
Gradual 7-16 15,000 .54 | 238 55,700 27.4 -
Gradual T-17 15,000 5T | 262 55,400 27.3 -
Gradual 7-18 15,000 .60 | 303 55,100 27.3 -
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NACA TN 3479

[&év and ggy are average values for low lift-coefficient rang%]

(a) Configuration A - Concluded

Approximate Center-~of-
Type Flight test M, Qavs W, gravity Figure
meneuver | and run | altitude, V| 10/1¢2 1b position, |[BBowing
ft percent @ | date
Gradual 7-19 15,000 0.63 | 332 54,800 27.2 -—
Gradual 7-20 15,000 .65 | 361 54,200 27.2 -
Gradual 7-21 15,000 .68 | 395 53,800 27.1 -
Gradual T-22 15,000 .71 ] 408 53,200 27.1 -
Gradual 7-23 15,000 T3 | 457 52,900 27.1 3
Gradual | 10-1 35,400 .60 | 123 61,800 27.7 -
Gradual{ 10-2 34,600 .65 | 149 | 61,500 27.7 -
Gradual | 10-3 3k ,200 67| 160 61,200 27.6 -
Gradual | 10-k 33,600 .70 | 182 | 60,800 27.6 --
Greduasl | 10-5 33,400 .73 | 199 60,300 27.5 -
Gradual| 10-6 34,500 .68 | 166 "| 59,900 27.5 -
Gradual | 10-7 33,600 .72 | 19% .} 59,500 27.4 -
Gradual | 10-8 30,000 TT | 261 59,200 27.k -
Gradual| 10-9 28,000 .76 1 271 -] 58,800 27.3 -
Gradual| 10-10 30,000 STh | 246 58,300 27.2 --
Gredual | 10-12 30,000 56 | 139 56,900 27.1 -
Gradusl | 10-13 30,000 .53 | 124 56,700 27.0 -
Gradual | 10-14 30,000 A48 103 56,500 27.0 -
Abrupt 8-2 20,000 .39 { 108 62,500 28.4 17
Abrupt 8-3 20,000 A5 1 136 61, 700 28.4 -
Abrupt 8-k 20,000 .50 | 171 60, 800 28.4 -
Abrupt 8-5 20,000 .55 | 208 60,100 28.3 -
Abrupt 8-6 20,000 .61 | 250 59,700 28.3 -
Abrupt 8-7 20, 000 .66 | 298 58,800 28.4 ——
Abrupt 8-8 20,000 .69 | 330 58,300 28.4 -
Abrupt 8-9 20,000 .71 { 350 57,900 28.6 18
Abrupt 8-10 20,000 .31 359 57,400 28.9 -
Abrupt 8-11 20,000 75 | 390 57,000 29.1 -
Abrupt 8-12 20,000 LT5 | Lok 56,600 29.3 -—
Abrupt 8-13 20,000 .66 | 298 55,800 29.5 -
Abrupt 8-14 20,000 .50 | 169 55,300 29.7 -
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TABIE II.- SUMMARY OF FLIGHT TEST CONDITIONS - Continued
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and gqg, &are average values for low lift-coefficient rang%]

(b) Configuration B

Approximate Center-of-
Type Flight test M, Qav W, gravity Figure
maneuver | and run| altitude, V| /£t 1b position, | showing
£t percent & | data
Gradual | 11-1 30,000 . | 20.38 | %66 63,500 28.1 -
Gradual | 11-2 30,000 A2 78 62,900 28.0 -
Gradual | 11-3 30,000 A5 91 62,500 28.0 -
Gradual | 11-k4 30,000 18| 102 62,100 27.9 5
Gradual| 11-5 30,000 51| 115 61,600 27.9 -
Gredusl| 11-6 30,000 55 | 129 60,900 27.8 -
Gradual| 11-7 30,000 58 | 150 60,400 27.7 -
Gradual|{ 11-8 30,000 61| 161 59,900 27.7 -
Gradual| 11-9 30,000 65 | 185 59,300 27.6 -
Gradual| 11-10 30,000 68 | 204 59,100 27.6 -
Gradual { 11-11 30,000 70 | 211 58,500 27.5 -
Gradual| 11-12 30,000 72 | 223 58,100 27.h 5
Gradusl { 11-13 30,000 | 243 57, 700 27.4 -
Gradual | 11-14 30,000 76 | 263 57,300 27.3 -
Gradusl | 11-15 30,000 78 | 284 56,700 27.2 -
Gradual | 13-1 22,500 .35 78 62,800 28.1 -
Gradual | 13-2 22,500 .36 81 62,500 28.1 -
Gradusl | 13-3 22,500 .38 87 62,200 28.0 -
Gradusl | 13-k 22,500 Ao 98 61,900 28.0 -
Gradusl | 13-5 22,500 Al bo119 61,700 28.0 -
Gradusl { 13-6 22,500 A48 1 143 61,100 27.9 5
Gradual | 13-7 22,500 .53 1 171 60,500 27.8 -
Gradusl { 13-8 22,500 57 | 200 59,900 27.7 -
Gradual | 13-9 22,500 62 | 235 59,400 27.7 -
Gradual | 13-10 22,500 .66 | 269 58,400 27.6 -
Gradual | 13-11 22,500 .68 | 285 57,900 27.5 -
Gradusl | 13-12 22,500 .70 | 295 57,200 27.4 -
Gradual | 13-13 22,500 .72 | 316 56,700 27.4 5
Gradual | 13-14 22,500 T4+ | 340 | 55,900 27.3 -
Gradual | 13-15 22,500 .75 | 359 55,500 27.2 -
Gradual | 13-16 22,500 LTT | 393 55,100 27.2 -

8These two values are values

Por high-lift-coefficient range.
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TABLE II.- SUMMARY OF FLIGHT TEST CONDITIONS ~ Concluded
I—Mav and gqg, @are average values for low lift-coefficient ra.nge]
(b) Configuration B - Comcluded
Approximate Center-of - 1
Type Flight - test M, Qav W, gravity F hgu.;‘e
maneuver | and run | altitude, v |m/ft2| 1b | position, |° d.ac:a.ng
¢ percent @€
Gradual | 15-1A 15,000 0.76 | 481 64,100 28.2 -
Gredual | 15-1B 15,000. .76 502 64,100 28.2 -
Gradusl | 15-2 15,000 Th [ 4Bk 61,300 27.9 -
Gradual | 15-3 15,000 LT b33 60,700 27.8 5
Gradual | 15-4 15,000 .70 | 413 59,900 27.8 -
Gradusl | 15-5 15,000 .68 | 390 59,500 27.7 --
Gradual | 15-6 15,000 .66 | 358 59,200 27.7 -
Gradual | 15-7 15,000 .64 [ 3h6 58,900 27.6 .-
Gredual | 15-8 15,000 .62 | 318 58,600 27.6 --
Gradusl | 15-9 15,000 60 | 300 58,400 27.6 -
Gradual | 15-10 15,000 5T | 277 58,200 27.5 -
Gradual | 15-11° 15,000 .53 | 238 58,000 27.5 - -
Gradual | 15-12 15,000 49 | 202 57,900 27.5 5
Gradusl | 15-13 15,000 A5 1 167 57,600 27.4h -
Gradusl | 15-14 15,000 4o | 134 57,500 27.4 -
Gradual | 15-15 15,000 .38 | 123 57,300 27.h4 -
Gradual | 15-16..{ 15,000 36 111 57,200 27.4 -
Gradusl | 15-17 15,000 .35 | 100 57,000 27.3 -
Gradual | 15-18.| 15,000 Lo | 137 56,700 27.3 -
Abrupt 18-1 20,000 JTh L 36T 63,400 28.0 -
Abrupt 18-2 20,000 72| 359 62,300 27.9 -
Abrupt | 18-3 20,000 .72 | 350 61,600 27.8 -
Abrupt 18-4 20,000 .70 | 338 61,000 27.7 -
Abrupt 18-5 20,008 .70 | 338 60,500 27.7 22
Abrupt 18-6 20,000 671 307 | 60,200 27.6 -
Abrupt 18-7. 20,000 65| 29k 60,000 27.6 -
Abrupt | 18-8 20,000 62| 262 | 59,600 27.6 -
Abrupt 18-9 20,000 .58 ] 230 59,300 27.5 -
Abrupt 18-10 20,000 S| 197 59,100 27.5 --
Abrupt 18-11: 20,000 .50 | 169 58,900 27.4 -—
Abrupt 18-12 20,000 Ah b 13k 58,800 27.4 21
Abrupt 18-13 20,000 4o | 109 58, 700 27.4 -
Abrupt 18-14 20,000 .35 82 58,600 27.4 -
Abrupt 18-15 20,000 .55 | 206 58,300 27.4 --
Abrupt 18-16" 20,000 .50 | 169 58,200 27.% -
Abrupt 18-17 20,000 L9 167 58,100 27.3 -
Abrupt 18-18 .| 20,000 A5 134 58, 000 27.3 -
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TABIE TTT.- SMMARY OF PTTCHING-MOMENT CHARACTERISTICS
FOR CONFIGURATION A IN CRADUAL. MANEUVERS

(%) Iower Cy, range

(1) (2) G | W ) & | {n| & (9 | (19 (1) (12) |(13)] () | (15)
Flight |Approximete| Mach |x Ax Ax Acmc ACp AT, | ACy C
end run| altitude |mmber| °m| %Carea| 2% ‘B¢ cmom ares Mm% thrust cmf-’c: Sp At Mo
6-12,13 15,000 0.32 |15.4| -1.T7 [ 1.0 |1h.7[-0.0386] -0.00%%{0.0031] 0.0025 |-0.0432| 28 ,0-0087| -0.0519
6-11 15,000 3T [16.7] -1.5 1.0 |16.2] -.0370| =-.0052] .0030 .0019 ~.0tl1| 28 | .0062| ~-.0T3
6-1h 15,000 b2 |i7.2| -1k .9 {16.7| -.0382| -.0053| .0023 .0016 -.0428| 27 | .o0u7| ~.O4TS
6-15 15,000 AT [16.7| -1.5 .9 |16.1| -.Obk6| -.0062| .0022 . 0015 ~.0501] 21 | .0030} -.0531
T-15 15,000 .51 |18.1| -1.3 .9 |37.7] -.0k10{ -.0057| .002% .0015 -.0458] 21| .0025{ -.0483
T- 15,000 41T k) -Lb 1.0 [17.0| ~.O4k1]| -.0061| .0028 .COLT -.0491] 18 | .0020] -.0511
T-1T 15,000 5T 127.6|  -1.b 1.1 {17.3] -.Ob56| -.0065| .0029 . 0015 -.0505( 15 | .0015| -.0520
T-18 15,000 .60 |18.2] -1.3 1.2 {18.1] ~-.o462] -.006k| .oce8 .001% -.0512| 10 | .0008| -.0520
7-19 15,000 .63 [17.5] -1.3 1.2 j17.4} ~.0501] -.0070] .0028 .001h -.0557| 8| .0006| -.0%63
T7-20 15,000 . 17.5( -1.3 1.3 |17.5| -.0524k | -.0073} .0027 .0013 -.0585| 5| .o00%| -.0587
T-21 15,000 . 18.5] -l.2 1.k [18.7| -.0526] -.0073] .0026 .0015 -.0586| L | .000%5| -.058
T-22 1%5,000 ST {217.1] -L.h 1.6 {17.3]| -.0590| -.0082] .0027 .0013 ~-.0658 & | .0003| -.0661
T-23 15,000 .75 {15.8| -1.6 1.7 [15.9| -.0659| -.0092} .0022 .0012 -.0Thl| 1} .000l} -.O7Th2
T-1 22,500 .36 {16.3] ~L.7 8 115.41 -.0360| -.0050| .0028 . 0029 -.0k11{ k9 | .0153] -.056%
6-3 22,500 A2 157 1.7 .9 '1k.9] -.ck20| -.0058| . .0023 -. 0467 53 or3ol -.0597
T-2 22,500 A5 116.9) -1.6 .9 |16.2] -.040B| -.0057| .0029 .0020 -.Oi56] Lo 0102} -.0558
6-4 22,500 A7 11607 <16 811 .9] -.0419( -.0058{ .0029 .0018 ~.0u66] 51 0096] -
6-5 22,500 .52 |16.1f -1.7 .9 |15.3] -.0bk7| -.0062] .0028 .0018 -.0k99| 51 0082f -.0581
T3 22,500 .56 117.7{ -L.% -9 {17.2| - 452 -.0063| .0026] .00Lk | -.0503| k& | .005T7{ -.0560
6-6 22,500 .58 116.6] -1.6 1.0 [16.0] -.0k58 | -.0064! .0029 .0016 -.0509| 48 0061 -.0570
T 22,500 .62 [18.3] 1.4 1.0 {17.9] -.046T| -.0065! .0029 oo:l.z -.0516] 38 | .ookl| - T
6-7 22,500 .6% [18.0{ -1.k 1.0 |17.6] -.Ok52| -.006%, .0028 . -.0501] k5 | .oou8| -.
T-5 22,500 .67 {17.6{ -1k 1.0 |17.2)| -.0524k | -.0073] .0029 .001% ~.0582| 36 | .0034| -.0616
76 22,500 .70 {18.2] -1.3 1.2 |18.1| -.0539{ -.0075] .00%0 .0013 ~.0597| 34 | .0029| -.0628
T-7 22,500 .72 [16.8] -l1.5 1.% [16.6| -.0617{ -.0086{ .0029 0013 -.0687] 3% | .o027| -.
7-8 22,500 .75 113.9] -1.9 1.6 }15.6] -.0TO4 | -.0098| .0025 .0013 -.0790] 32 | .0024k| -.081h4
6-10 22,500 .76 111 -2.3 1.7 {10.5| ~.0732| -.0102] .0023 0012 -.08231 37 | .0027| -.0850
k3 30,000 43 k2| 2.0 9 [15.1} -.O0k35| -.0060[ .0029 .0021 -.0k87| ol ozoe} -.078
by 30,000 .48 j15.6] -L.7 .7 [1k.6] -.0380] -.0053} .0016 .0021 -.0438| o5 o2k | -. 0782
10-1% 30,000 18 116.6( -1.4 .9 |16.1] -.0298| -.o0k1| .00%1 002k -.0332 79 | .0199( -.0831
10-13 30,000 53 [16.2] -1.5 1.0 {15:7] -.0%359| -.0050) .0032 0020 -.0597| 77 | .0161{ -.0558
b5 30,000 53 [16.4| -1.6 9 |15.7| -.0366| -.005L{ .0023 .0019 -.O41%1 95 | .0202| -.0615
10-12 30,000 .56 {15.4] -L6 .9 |1k.7} -.0k22| -.00%59| .0032 0017 - T7 olkk]| -.0610
b6 30,000 .59 {16.1x -l.6 .9 115.k] - o435 - .0026 0018 -.0487] 92 | .0161| -.0648
k-7 30,000 . 15.6{ -1.7 .9 |14.8] -.0505| -.0070| .002k .0016 -.0567} 90 | .0132| -.0699
4.8 30,000 70 {17.9] -L.k .9 |17.4] -.0BBL} -.0067| .0023 .0012 -.0557| & | .0103| -.06k0
k-9 30,000 T2 {17.5! -1.k -9 {17.0] -.0545  -.0076] .0019 0013 -.0615) 86 | .0095| -.0710
k.10 30,000 T |15.4) 1.7 1.0 | 1%.7| -.0654 | -.0091] .0015 0012 -.07h2| 8% | .0087] -.0829
10-10 30,000 T |16.7] -1.5 1.3 |16.5] -.0600| -.0085| .00%3 001k - 72 | .0076] -.0740
10-9 30,000 76| 9.1} -2.5 1.1 | 7.7| -.0710{ -.0099| .0020 0013 -.0802] 73 | .0072] -.0874
k- 30,000 77 |1k.8] -1.5 1.1 |14k -.0564 | -.0078| .0005 .0011 -.06481 92 | .0086| -.0T34
10-8 . 30,000 77| 8.0 -2.7 ik | 6.7| -.0656| -.0091] .001T .0013 -.0Th3| 75 | .0077| -.0820
k12 30,000 .78 {112 -2.3 T} 9.6] -.0465¢ -.0065{-.001k 0011 ~.0555| 97 | .0090| -.0645
10-1 35,400 .60 |14.6] -1.8 | 1.0]13.8] -.0460| -.0c064} .0038 0022 -.0508| 85 | .0179] -.0687
10-3 »200 sg 16.3] -1.6 | 1.0 15.3 -.0kT2| ~.0066( .0033 .0018 -.05231 83 | 013k -.?7
10-6 34,500 . 6.4 1.5 .9115.8] -.o%93 | -.0069| .003% L0017 | ~.0546] 82 | .0128] -.06Th
10-k 3%,600 .70 |16.1] -1.6 .9 [15.4] -.0507] -.0070} .0030 .0016 -.0565| 82 | .o118] -.0681
10-7 33,600 .72 |17.1] -Lb 1.1{16.8| -.04887 -.0068| .0036 .0015 -.0535| 79 | .0105] -.06%0
10-5 3%,400 7 |18.37 -1.3 1.0 {18.0| -.0487} -.0068] .0030 .0015 -.0540] 79 | .0102} -.06k2




TABLE ITI.- SUMMARY OF PITCHING-MOMENT CHARACTERISTICS
FOR CONFIGURATION A IN GRADUAL MAREUVERS - Concluded
(b) Upper Cy, range

(2) (2) @ |W] & |G| m @ (9 | (10) (11) (12) {¢13) ] () | (15
Flight | Approximates | Mach | x Ax fiv 4 Aly ,
and Tun|  mltitude |mmber | %m| 2Cerea| =%a| BC cmon area Mm"s Aﬂmomt Cnoc g ME%T cmo

6-h 22,500 o0.48 | 11.0 -2.4 1.0 | 9.6 -o.gg% -0.0106 | 0.0057 | 0.0018 |-0.0848 | 51 | 0.0096 | -0.00%k
6-5 22,500 55 | 8.3 2.7 11 | 6.7 - -.012% ;13 0018 -.0990 | 51 | .o082 | -.1lo72
-3 22,500 .57 | 9.k -2.6 1.2 | 8.0 -.0879 -.Ql22 .ook2 .00k -.0975 | 14 .0057 | -.0930
6-6 22,500 58 | 11.1] 2.3 1.0 | 9.8| -.oT2% -.001| .0027 .06 -.081h | L8 L0061 | -.

74 22,500 62 | 12.h -2.2 1.2 |11.h | -.Q71% ~. 0009 0058 0013 -.0789 | 38 L0041 | -.08%0
6-T 22,500 b |15 | -1.9 9 |13.5| -.0587| -.00B2| .oom2 001k -.0661 | 45 och8 | -.07T09
7-5 22,500 .68 | 4k ~1.9 9 |13.5 | -.o06hk ~.0090 023 001k -.0725 | 36 ook | -.0T59
10-1 35,400 60 111k 2.3 9 |10.0| -.0612 -.0085 0028 .o022 - 0891 | 85 .0l7g | -.0870
10-2 3, b5 | 1h.3 ~1.9 6 |13.0] -.0523 ~-.00T3 .0011 .0019 -.060% | 85 L0149 | ~.075%
10-3 3, 200 AT [13.5 -2.0 S |12.2) -.0596 ~. 0083 . 0020 0018 -.06TT | 83 o1k | - 0811
10-6 3k ,500 .68 | 13.6 -1.9 7 {12k | -.0612 -.0085 .0021 +00LT -.0655 | 82 .0128 | -.0821
10-4 33,600 0 (155 -LT 1.0 {14.6| -.05%L| -.0075| .05 0016 -.0597 | 82 | .0118 ] -.0715
10-7 33,600 .72 |16 =1.8 L1 |13.9 | -.059% -.0082| .o0k0 0015 -.0650 | T9 | .05 | -.0755
16-5 33, .75 |19} -1.8 1.1 [14.2| -.0620 -. 0086 0Bk 0015 -.0687 | 19 0102 | -.0789
hoo 30,000 38 | 23| 3.6 1.9 6] -.2306| -.0182| .0120 . 003h -2 § 91t ..Agk | -.1796
L3 30,000 A3 (6.9 k.o 2.5 |-9.3| -.2065 -.0287 .0156 .0021 2217 | o4 0502 | -.2519
) 30,000 A8 | os.T| 3.1 1.5 | 4.1 -.0996 -.0138 . 0068 .0021 -.1087 | 95 bl | -o1331
10-14 30,000 A8 | b7 .1 1.3 | 2.9 -.1058 | -.aak7| .00S6 . 002k 1175 | 19 | 099 | -3
10-13 30,000 % | 7.2) 2.8 L3 | 5.7| -.0800| -.0124) .005% .0020 -9 | TT | 0161 | -.1137
L5 30,000 S T.E 2.8 1.3 | 6.4 ) 0855 -.0116 L0052 L0019 -.0018 | % .0e0e | -.1120
10-12 30,000 .56 8. 2.6 L.k 7.2 | -.0799 -.0111 0057 L0017 -.0870 | 7T L0l | - 100k
4.6 30,000 .60 |15.0 | -2.1 .7 |11.6 | -.0562 | -.0078 0015 .0018 -.0643 | g2 .016). | -.0806
L7 30,000 B (135 2.0 6 |12.1f -.0590| -.0082 .0009 .0016 -.0679 | 90 L0132 | -.081
L8 30,000 .0 | 1.0 -1.9 .8 [12.9 | -.0628 -.008T L0017 . 0012 -0T10 | & L0103 | -.0813%
L9 30,000 .2 |15.1| -1.8 1.0 {3 | -.0624 | -.0087 L0023 0013 -.0TOL | 8 L0095 | -.0796
h-10 30,000 S (124 ] 241 1.1 {13k | o768 -.0107| .0017 -0012 -.0870 } B4 | .0087 | -.0957
10-10 30,000 A |18 | 2 1.4 a1l | -.0788 | -.0109 0035 . 0014 ~.0876 |12 | ..00T6 | -.0052
b1 30,000 76 |18.8) -1.5 1z (16.5| -.0519 | -.00T2 0008 .00 -.059% | 92 0086 | -.0680
9 . 30,000 .8 |62.8 k.o 0 67-7 .06 L0105 | -.0032 .0011 0818 | o1 . 0090 0728
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TABLE IV.- SUMMARY OF PTITCHING-MOMENT CHARACTERISTICS -
FOR CONFIGURATION B IN GRADUAL MANEUVERS

(a) Lower Oy, range

(1) (2) G | MW 5y [ (® (D] 8 (9 | (10 (1) (12) ()| () | (15)

Flight |Approximatei Mach or, C

and run| altitude |number xacm Axacarea Axacb %ac cmom Mmoarea Mm% Acmothrust cmoc Op AamoAT ™o

15-17 15,000 0.35 (18.2| -l1.3 1.0 {17-9}~0.0130| -0.0018[0.0016] 0.0018 [-0.0150| 35 |0.0090 |-0.0240
15-16 15,000 .36 118.1] -1.3 .9 {17.7] -.015 -.0022{ .0011 .0016 - 35 | .0081| -.0266
15-15 15,000 .38 |17.8] -1.3 9 [T} -.0176] -.002%] .0015 .0016 -.0201| 3% | .007TL]| -.0272
15-1k 15,000 ko [18.71 -lL.2 .9 |18.5} -.0131| -.0018| .0011 .0016 -.015%| 31 | .0059 | -.021%
15-18 15,000 b0 [19.2] -1.1 .9 [19.0] -.0117| -.0016} .001k .0016 -.0135{ 34 | .006k | -.0199
15-13 15,000 A5 [18.1] -1.3 .9 |17.7| -.0166] -.0023| .0013 . 0015 -.0191| 29 | .OO045 | -.02%6
15-12 15,000 ko {18.7| -1.2 .9 [18.4] -.0169{ -.0024| .0013 .0015 -.0195| 26 | .0033 | -.0228
15-11 15,000 .53 {18.7{ -1.2 1.0 (18.5] -.018%:| -.0025] .00k .0013 -.0208| 24 | .0026| -.0234
15-10 15,000 57 |18.3] -1.3 1.0 (18.0{ ~.010k| -.002T| .0O14 .001h -.0221| 20 | .0019| -.0240
15-9 15,000 .60 |18.7| -L.2 1.1 (18.6{ -.0199| -.0028| .0016 .0012 -.0225) 18 | .0015( -.0238
15-8 15,000 .62 118.3( -1.% 1.1 [18.1| -.0202] -.0028] .0018 .00k -.0226] 18 | .0015| -.0ekl
15-7 15,000 ° B4 (18.%) -1.3 1.1 {18.2| -.0208{ -.0029{ .o01T . 0013 -.0233| 16 | .0012| -.02U4%
15-6 15,000 .66 118.9] -lL.2 1.1 {18.8] -.0204| -.0028{ .001T 0013 -.0228| 14 | .0010{ -.0238
15-5 15,000 .68 |19.1] -l.2 1.2 {19.1} -.0209{ =~.0028] .0017 0012 -.0232| 11 0007 | -.0239
15-b 15,000 .70 [18.6] -1.3 1.3 118.6] -.02u8] -.0034{ .0019 .0012 -.02T5| 13 0008 | -.0283
15-3 15,000 .71 |18.6| -1.3 1.3 }18.6} -.0277| -.0039] .0016 0011 -.0311| 10 | .0006] -.0317
15-2 15,000 .Th |19.8( -1.1 1.k [20.1] -.0299] -.0042| .001T 0011 -.0335| 15 0008 | -.0343%
15-1A 15,000 .76 (16.7| -1.6 1.1 (16.2] -.0372] -.0052| .0015 .0010 -.0k19| 23 0012 -.O431
15-1B 15,000 .76 115.6| -1.8 1.3 [15.1] -.0k05] -. 0011 0010 - 23 0012} -.04T2
13-1 22,500 .36 (16.9] -1.6 .9 t16.2} -.0054| ~.0008]| .0019 L0026 - 68 02261 -.0295
13-2 22,500 .36 117.2| -1.5 .8 116.5| -.0031| -.000k} .0012| .0025 | -.00k8| 67 | .021k | -.0262
13-3 22,500 .38 |17.2| -1.5 .9 |16.6] -.00kL] -.0006| .0025 . 0029 -.0051} 67 0199 | -.0250
13-k 22,500 A0 q17.7( -1 .8 ]17.1| -.00T5| -.0012{ .0008 .0018 -.0097| 67 Ql -.0273
13-5 22,500 Al (18,1 -1.4 .8 {17.5| -.00T2| =-.0010} .0009 .0017 -.0090| 65 0141 -.0231
13-6 22,500 48 (19.1]| -1.2 .8 |18.8| -.0050| -.0007{ .00k .0016 -.0059| 65 | .0115| -.0172
13-7 22,500 .53 {19.5] -1.2 .9 {19.2} -.0073| ~.0010| .0013 .0015 ~.0085] 61 | .0091{ -.QLT76
13-8 22,500 .57 119.2] -~1.2 .9 |18.9( - -.001% | .001h .001h -.0112{ 58 | .007% | -.0186
13-9 22,500 .62 119.1] -l.2 1.0 [18.9| -.0137| -.0019! .0015 .0013 -.013% | 56 | .006L| -.0215
13-10 22,500 .66 119.0| -1.2 1.0 |18.8| -.01TT| =-.0025| .0015 .0013 -.0200] 52 | .0049 | -.02k9
13-11 22,500 .68 |19.7} ~1.1 | 1.1 |19.7| -.0L7k| -.002k| .0015 .0013 ~-.0195| ko oohz -.0239
13-12 22,500 70 {18.8] -1.2 1.2 [18.8{ -.0209{ -.0029| .0016 .0012 -.0234 | 49 | 0043 | -.027T
13-13 22,500 72 [19.1| -1.2 1.2 |19.1]| -.0256| -.0036| .0013 .0012 -.28 | 50 | .00kl | -.0330
13-1k £2,500 . |20.1| -l.0 1.3 {20.4 [ -.0272| -.0038( .001% .0012 -.0307| 4% 003% | -.03k0
13-15 22,500 .5 |17.6( -L.k 1.2 {17.4k | -.0352| -.00k9| .001L 0011 -.0401| 46 | .0033 | -.Ou3h
13-16 22,500 77 |1 -1.8 1.k |13.7] -.0363) -.0050| .0011 .0011 -.0413 | 50 0033 | - 6
1li-2 30,000 ko (16.6f -1.6 1.2 |16.2| -.0038] -.0005| .00hL6 .0027 | -.002k| 90 | .0298| -.0322
11-3 30,000 b5 |18.11 -1L.b 1.0 {17.7{ .002L 0003 | 0027 .0025 .0026| 90 | .025L4 | -.0228
11-k 30,000 18.7{ -1.3 .9 118.3| .0031 .000k | .0023 .0023 .003%5| 91 | .0229| -.019hk
11-5 30,000 51 [18.5| -1.3 .8 |18.0{ -.0027| -.0004| .0015 .0019 -.0035| 91 0203 | -.0238
11-6 30,000 .55 [18.6] -1.3 .8 [18.2| -.00%4| -.0006] .001T .0019 -.0052( 91 0181 ( -.0233
11~ 30,000 58 [19.8] -L.1 .9 |19.61 -.0025| -.0003| .0016 .00Y -.0029| 90 | .015%| -.0182
11- 30,000 61 [19.5{ -1.1 .9 [19.3{ -.0083| -.0011| .0019 .00 -.0091| 88| .01k0| -.0231
-9 30,000 65 |19.6( -1.1L 1.0 |19.5( -.0108] -.0015| .0018 .00k -.011g9| 85 | .0117) -.02364
11-10 30,000 .68 19.3 ~1.2 1.0 (18.9] -.0163| ~.0023| .0019 . 0014 -.0181| 8 | .0107| -.0288
1111 30,000 .70 |19. -1L.2 1.0 {18.9( -.0192] -.002T| .00LT .0013 -.0215| 82 | .0099| -.051k
11-12 30,000 .72 |19.6| -1.1 1.0 |{19.5| -.0199| -.0028| .0016 .0013 ~.022L| 81 | .009%| -.031T
11-13 30,000 . 19.0( -1.2 1.2 {19.0] -. -.0042| .001T .0012 -.0336| 80 | .0084| -.0k20
11-14 30,000 .76 |ik.7| -1.8 1.7 {343 -.0391| -.0054| .0020 .0012 -.0k53| 79| .0078| ~.0531
11-15 30,000 .78 |11.9] -2.1 1.6 |11k -.0355| -~.004%9| .0009 .0011 ~.0406| 81| .o0o75] -.O481L




‘'ABLE IV.- SUMMARY OF PITCHING-MOMENT CHARACTERTSTTCS

FOR CONFIGURATION B IN GRADUAL MANFUVERS - Concluded
(v) Upper Oy, renge

(1) (2) @ | W G |G Mm] @ (9) | (10 (1) (12) [(13)] () [ (15)
Flight |Approximate|! Mach Ax ) ACy ACH AT, | Al
and un| eltitude |mumber| ®m|  *Cares Facy| Tac cm"m aren Mm% thrust C’“Oc Op AT c‘“o
11-1 30,000 | 0.38 | 3.6] -3.% | 2.9 | 3.1]|-0.1132| -0.0157 [0.0200] 0.0029 |-0.1118{ 8 [0.0350|~0.1468
112 30,000 Je | 6.9] -2.9 | 2.2 | 6.2 -.om2| -.010:4} .0121 L0027 -.0762| 90 | .0298| -~.1060
113 %0,000 | .45 | 5.0 -3.9 | 2.k | 3.5{ -.0931] -.01%32( .0132 .0025 ~.0056 | 90 | .025k| -.1210
114 30,000 | . .49 | 7.6] -2.8 | 2.0 5.8| -.0715| ~.0009| .009T L0025 | -.0m40} 91 | .0229| -.0969
11-5 30,000 .51 | 6.9 -2.9 | 1.9 5.9| -.0760 -.0106] .0090 0019 | -.om95| 91 | .0205| -.0998
11-5 30,000 .55 |10.5] 2.k 1.2 | 9.3] -.0526| -.0075| .Q0%9 .001g -.0579| 91 | .0181| -.0760
11-7 30,000 .58 |13.2| -2.0 | 1.0 [12.2]| -.0381] -.0053| .002h L0017 | -.ok27| 90 | .015%| -.0580
11-8 30,000 .62 |15.1| -1.8 .8 |3h.1] -.0296( ~.00%1| .0D10 .0016 -.0545| 88 | ,oLk0| -.048%
11-9 30,000 65 |15.4 ) -1.7 .6 |1h.3] -.0310] -.0043| .0002 L0014 -.0365| 85 | .0117| -.0u82
11-10 30,000 .68 [16.2 -1.6 .7 115.3| -.0286| -~.0040]| .00OT .COLh -.03%33| 85 | .o0107| -.okkO
‘1311 30,000 ;| .70 [16.3]| -L.6 .6 [15.3| -.0% -.pok2 |.0ooa7|  .0013 | -.0353| 82 | .0099| -.045@
11-12 30,000 .2 (17.2] -1.% .8 116.6| -.2B7| -.0O%C| -0011| .0013 -.0329| 81 | ,0095 | -.0422
11-13 30,000 4 [15.5] -7 | 1.0 |14.6] ~.0k19] -.0058] .0014 .0012 -oh75| 80 | . -.0559
11-1h 30,000 | .76 | T.2] -2.8 6] 5.0| -.0642] -.0089 |-.001k L0012 | -.0155 | 79 | L0078 -.0853
11-15 30,000 .78 |28.6 .2 .5 [29.3| .0068 0009 |~. 0019 L0011 ookt 8L | o075 ~.0028
15-7 22,500 | .53 [13.3| -2.0 | 1.1 |12.%| ~.0h11| -.0057| -0028 .0015 -0k551 61 | .0091| -.0546
13-8 22,500 | .57 [15.2| -1.7 -9 |ih.k| -.0305| -.00kR| .0011 0014 -.0548| 58 | .o07k| -.Oho0
13-9 22,500 62 116.6| -L.5 .8 {15.9] ~.0248] -.0035| .0004 0013 -.0292| 56 | .0061| -.035%
13-10 22,500 .66 [16.2| -1.6 .8 |15.L] ~.0200] -~.o040| .000 .0013 | ~.0%339] 52 | .00k9| -.0388
13-11 22,500 .68 115.4( -1.7 <7 |1e.4| ~.0340] -.004T| .000L . 0013 ~.0599 | 49 | .00H:| ~.0443
15-12 22,500 70 (k.6 -1.8 29 [13.7| -.0378| ~.0053 | .0006 0012 -.037] 49 | .o0k3m| -.chBO

ot
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TABIE V.- SUMMARY OF PITCHING-MOMENT CHARACTERISTICS

FOR CONFIGURATION A TN ABRUPT MANEUVERS

Flight c Iy, ky

and run M *ac o slug-ft2 £t
8-2 0.39 17.5 -0.0533 | 298,000 124
8-3 15 17.4 -.0582 263,000 1.7
8-14 .50 17.0 -.0513 260,000 12.3
8-k .50 17.4 -.0560 267,000 11.9
8-5 .55 16.5 -.0561 276,000 12.2
8-6 .61 16.9 -.0587 268,000 12.0
8-13 .66 17.8 -.0563% 281,000 12.7
8-7 .66 17.% -. 0604 279,000 12.4
8-8 .69 16. -.0625 264,000 12.1
8-9 el 17.6 -.0672 262,000 12.1
8-10 .73 17.1 -.0711 257,000 12.0
8-11 .75 16.2 -.0760 284,000 12.6
8-12 .75 15.5 -.0751 253,000 12.0

L1
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TABLE VI.- SUMMARY OF PITCHING-MOMENT CHARACTERISTICS
FOR CONFIGURATION B IN ABRUPT MANEUVERS

Flight X Ty, by, | M
and run M ace Cmo 8 lug-ft2 £t slugs
18-1k 0.35 19.1 -0.0186 283,000 12.5 188
18-13 ko 19.2 -.0176 285,000 12.5 211
18-12 b 19.3 -.0210 285,000 12.5 218
18-18 A5 19.9 -.0192 303,000 13.0 197
18-17 A9 18.7 -.0212 | 274,000 12.3 180
18-16 .50 18.7 -.0211 282,000 12.5 200
18-11 .50 18. -.0228 273,000 12.2 181
18-10 .5l 19.0 -.0226 277,000 12.3 187
18-15 .55 18.8 -.023%6 272,000 12.3 172
18-9 .58 17.7 -.0234 280,000 12.3% 203
18-8 .62 19.0 -.0218 287,000 12.4 191
18-7 .65 19.1 -.0227 282,000 12.3 185
18-6 .67 18.9 -.0255 279,000 12.2 205
18-5 .70 17.6 -.0280 284,000 12.3 198
18-4 .70 18.8 -.0292 269,000 11.9 197
18-3 .72 18.9 -.0311 265,000 11.8 200

- 18-2 .72 19.1 -.0334 272,000 11.9 175
18-1 .Th 19.5 -.0368 278,000 11.9 180
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(a) Test airplene showing approximate locations of strain-gage bridges
and temperature gages.
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Figure 2.- Test alrplene with approximate locations of strain-gage bridges
and temperature gages, and originsl (configuration A) and reflexed
(configuration B) flap profiles.
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Figure 3.- Examples of basic data for configuration A.
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Figure 5.- Examples of basic data for configuration B.
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for configuration A in lower CNA range. Wlithout temperature correc-
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50 : NACA TN 3479

L—x/0°
4&,,:0f'
o ‘ssoo0
2 o 22500 )
A Above 30000
g o
-@
Q
Nl
S
X
v TF <
Q o/
v -z
S
<
N
S 8
Q
D
X o
N )
N —
R
—z | 1 1 | | [ | |
-/2 -0 -8 -5 — -2 o 2 o

7@/ load calcu/ated by eguarions /3), &

Figure 8.- Comparison of tail loads calculated by equations (13) and (16)
for configuration A in lower CNA range. With temperature correction

term; s = £221 1b.



NACA TN 3479 51

or-
e
0 /3,000
—~0Z | 022500
¢ 30,000
v Abore 30,000
——LeasT square
—04 _———Fairea’y
C,;,a
—06 —
¥ ¢
-J8 o %ﬁg
-/0 l I l | | | I |
o 4 2 ") A &5 6 7 8
Mach number,

Figure 9.- Wing-fuselage zero-1lift pitching-moment coefficient for
configuration A in gradusl maneuvers in lower CNA range.
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in gradual maneuvers in lower CNA range.
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Figure 13.- Wing-fuselage zero-lift pitching-moment coefficient for
configuration B in gradual maneuvers in lower CNA range.
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Figure 18.- Time histories of measured quantities and calculated errors

of £it for an abrupt push-down pull-up.

Configuration A; M = 0.T1,
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